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The paper revisits the traditional transport-agricultural growth nexus. Connectivity is particularly challenging for small island developing states, such as the Comoros, where domestic markets are limited and transport and transaction costs tend to be high. Using household survey data from Comoros, the paper shows that significant untapped economic potential exists in the domestic market. The analysis shows that better transport connectivity increases crop production and market sales. Accessibility to Moroni, the primary market in the country, and inter-island connectivity are of particular importance. Not only transport infrastructure, but also services are important. Access to intermediary services, such as cooperatives and collectors, is also found to have a positive impact on crop production and market sales. This paper is a product of the Transport and Digital Development Global Practice. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The author may be contacted at aiimi@worldbank.org.
I. INTRODUCTION

1.
Agriculture is an important sector in Africa. A large share of the labor force is still engaged in agricultural production, and agricultural exports often contribute to foreign exchange earnings significantly. However, the region's agriculture sector largely remains small-scale subsistence farming with few advanced inputs used, with little produce sold in the market. Among others, transport connectivity has long been a crucial constraint particularly in rural areas. In general, the literature suggests improved transport connectivity can increase agricultural productivity (e.g., Khandker, Bakht, and Koolwal, 2009; Bell and Van Dillen, 2012) and eventually alleviate poverty (Dercon et al., 2008; Khandker and Koolwal, 2011) . 3. Africa has untapped great potential for agriculture. Agriculture and agribusiness currently generate US$313 billion of commodities and products every year, which is projected to increase to US$1 trillion by 2030 (World Bank 2013). Significant potential remains to be developed. African farmers are normally disconnected from available technologies and market opportunities, and the current yields are far below potential levels (e.g., World Bank 2012).
Small island developing states (SIDS)
4. The current paper aims at exploring the potential impacts of market accessibility on agricultural growth in the Comoros, with particular attention paid to different types of connectivity, i.e., within-and inter-island connectivity. The country comprises three major islands, Grande Comore, Anjouan and Moheli. While the country's primary market, Moroni, is located in Grande Comore, the other two islands are more fertile. Land transportation within each island is already a challenge, but inter-island connectivity is even more difficult.
The hypothesis tested by the paper is that the country could feed itself more by better connecting the agricultural production and consumption areas.
5. The rest of the paper is organized as follows: Section II provides an overview of the Comoros, with particular focus on transport connectivity. Section III discusses our empirical strategy and data. Section IV presents our main results and policy implications. Then, Section V concludes.
II. OVERVIEW OF THE COMOROS
6. The Comoros is an island country in the Indian Ocean. The total population is about 830,000. The country comprises three main islands: Grande Comore, Anjouan and Moheli, of which the regional populations are about 430,000, 350,000 and 50,000, respectively. The largest city, Moroni, which is the national capital, is located at the western coast of Grande
Comore. The other two islands have the regional capitals, Mutsamudu and Fomboni, respectively.
7.
Generally, Comoros owns basic transport infrastructure, namely, about 800 km of roads, one international airport and two regional airports, and three major ports (one for each island) (Figure 3) . However, the quality of transport services remains to be improved. About 45 percent of the road network is in poor condition (Figure 4) . Maritime transport is also unreliable and unsafe. Port operations are inefficient, and port handling fees and local taxes are high. As the result, the passenger and freight traffic among the islands has been stagnant in recent years ( Figure 5 ). Since Port Fomboni cannot serve large international vessels, Moheli depends on cabotage, mostly through Port Moroni, for its imports and exports. 
9.
When the actual production and distribution costs as well as transport costs were tracked, it turned out that transport-related costs accounted for about 25 to 50 percent of the final market prices at the Volo Volo market in Moroni. For example, the farmgate price of banana (25 kg) is KMF7,500 at Nioumachoua, which is increased to KMF15,000 at Moroni (Figure 9 ). From Anjouan, agricultural produce may not even be brought to Moroni despite the existing large price disparity between the islands. Notably, profit margins for retailers are quite high in all cases. The limited supply of agricultural commodities seems to allow them to raise their retail prices considerably. 10. This indicates that significant untapped economic gains exist in the country. With cheaper and more efficient transport connectivity, both farmers and consumers could benefit from more production and more consumption at lower equilibrium prices. Currently, the Comoros is losing significant economic opportunities in the agriculture sector, because of poor transport connectivity. The following analysis aims at quantifying the possible impacts of better transport connectivity on agricultural production. Of particular note, such potential economic gains can be achieved through the domestic markets in the Comoros. Improving connectivity is also expected to contribute to deepening the economic integration among the three regions.
III. EMPIRICAL STRATEGY AND DATA
11. Basic economic theory tells that lowered transport costs can increase agricultural production ( Figure 10 ). With a positive transport cost, , the equilibrium price is currently high at P0 with a limited amount of supply, Q0. Suppose that the transportation cost is reduced to . Then, the supply curve shifts downwards. In a new equilibrium, the market price declines to P1 and the supply or production increases to Q1. Therefore, both consumer and producer surplus increase. That is, both groups can benefit from lowered transportation costs. To empirically estimate the impact of transport connectivity on agricultural production, a simple crop production function is considered:
where Qij is the amount of crop j produced by household i, using production inputs Xij.
Although our household data are not comprehensive in terms of input variables, X, four types of inputs are included following the agricultural economics literature (e.g., GyimahBrempong, 1987; Bravo-Ortega and Lederman, 2004) : labor, fertilizer, improved seeds, and intermediary services.
13. As usual, the production levels may also depend on household characteristics, Zi, for example, the age of the head of household and ownership of certain assets, such as vehicles and motorcycles. The crop-specific fixed-effects, cj, are also included to control for unobservables across different crops. ε is an idiosyncratic error distributed independently and identically under the cluster-robust variance-covariance assumption.
14. The main hypothesis of the paper is that the level of production is affected by the market accessibility, Mi. This contains a set of locational characteristics of household i, which is common across crops. The impact of transport connectivity is supposed to be captured by β2. This specification implicitly rules out subsistence farming with few advanced inputs used, which is in fact the case in the Comoros. As will be shown below, only 10 percent of the surveyed households used some advanced inputs in our sample. On the output side, on the other hand, about half were involved in some market transactions. In our model, the accessibility variable therefore captures the generic impact of access to input and output markets. The paper will also examine the market sales equation, in which the accessibility variable may be able to more explicitly capture the impact of access to output markets. See below.
15. Three connectivity variables are constructed using spatial software based on road user costs and maritime transport costs: The first is transport costs to bring goods to Moroni, denoted by COSTMORONI. This measures the accessibility to the primary market. The second variable is transport costs to bring goods to a large city with a population of 7,500 or more (COSTCITY). Major towns in each island are taken into account.
3 This is expected to represent the market accessibility at a more local level within each island.
16. Finally, the Market Access Index (MAI) is computed as an integral measure of all kinds of market accessibility. Formally, it is often defined by the average market size inversely weighted by transport difficulties. The idea basically follows Tobler's first law of geography:
"everything is related to everything else, but near things are more related than distant things (Tobler 1970) ."
where Ym represents the size of market at m, which is measured by the population that does not engage in agricultural production. 17. One empirical challenge to estimate Equation (1) is that the transport connectivity variables, Z, are potentially endogenous (e.g., Banerjee et al. 2012; Datta, 2012; Jedwab and Moradi, 2012) . While transport infrastructure is essential to increase economic productivity, governments tend to invest more in transport infrastructure where productivity is inherently high. Therefore, ordinary least squares (OLS) is likely to generate biased estimates.
18. To deal with this problem, the instrumental variable technique is used. Four instruments are constructed: (i) elevation at each location (meters), ELEV, (ii) slope of the terrain (degrees), SLOP, (iii) longitude, LONG, and (iv) latitude, LAT. The idea behind the first two variables is that if the land is hilly or mountainous, the transport costs are likely to be high.
The poor road conditions raise vehicle operating costs and reduce fuel efficiency. The coordinate data are considered to be fairly exogenous. The validity of the instruments needs to be examined empirically and will be in the following sections.
19. The paper also examines how the transport connectivity impacts on the farmers' market participation to sell their produce. The same framework as Equation (1) 
Since M is potentially endogenous, the instrumental variable tobit (IVTOBIT) model is used to estimate the equation. Unlike Equation (1), this specification allows to measure the impact of output market connectivity because the dependent variable is a precise measurement representing output market participation, explicitly ruling out subsistence production.
20. Similarly, an alternative specification is this:
where SHRij is the share of market sales of crop j for household i. This can be estimated consistently by the instrumental variable (IV) regression.
21. The current paper relies on a household expenditure and consumption survey that was carried by the Comorian National Institute of Statistics and Economic and Demographic Studies (INSEED) in 2014. The survey has an agricultural module, in which households were asked how many crops were produced in monetary terms. In total, 36 crops were identified.
For each crop, households were also asked whether they used fertilizer and improved seeds.
The availability of intermediary services to sell produce was also interviewed. Three types of services were itemized: (i) Aggregation at the cooperative level (denoted by COOP), (ii) Direct access to large markets (MKT), and (iii) Collection of crops by intermediate traders,
i.e., collectors (TRAD). Note that these data are available at the crop level. In addition, households were asked whether they sold some of their produce, and how much.
22. A particular challenge lies to use this data set: It is an expenditure survey. Therefore, all data were recorded in monetary terms, i.e., Comorian francs (KMF). For example, the data may show that household X produced KFM100,000 of crop Y, not 100 kg. The monetary data of production or market sales are not particularly useful for the analysis, because the crop prices are significantly different across the islands. To convert the monetary data into real terms, the average crop prices were calculated for four subregions (i.e., Moroni, other areas than Moroni in Grande Comore, Anjouan and Moheli), using the consumption data, which include both spending and consumption (quantity) for each crop. As expected, there are substantial price differentials (Figure 13 ). This is partly attributed to high transport costs among the islands, as discussed above. It is also clear that Anjouan and Moheli produce a lot of agricultural products in the Comoros (Figure 14) . Since not everyone produces all crops, the sample has 3,680 and 1,899 data entries for q and s, respectively. A number of outliers were found through the data conversion from monetary to real terms. Especially, small-volume production and sales data are sensitive to the conversion. With such outliers excluded, the following analysis only uses 2,587 observations.
Of those, there are 1,340 cases where produced crops were partly sold at the markets.
24. Agricultural producers are quite heterogenous. The amount of crops produced ranges from 2 kg to over 50 tons, with an average of 280 kg. The market sales are also different, from 2 kg to 9,100 kg. Labor force is measured by the number of household members aged 16 to 60. The use of advanced inputs, such as fertilizer and improved seeds, remains minimal in the Comoros. Only 12 and 11 percent of households used them, respectively. Intermediary services by cooperatives or traders also seem to be unavailable in most places. It is also noteworthy that farmers often do not have any transport means in the Comoros. 
IV. ESTIMATION RESULTS
25
. First, OLS regression was performed. The results are broadly consistent with prior expectation ( Table 2 ). The transport cost variables have negative coefficients, and MAI has a positive coefficient. Thus, improved transport connectivity to markets would likely enhance crop production in the Comoros. As discussed, however, the results may be biased because of the potential endogeneity associated with transport investments.
26. To deal with this problem, the instrumental variable (IV) estimator was used. The results are shown in Table 3 and found to be broadly consistent with the above: Improved market accessibility increased crop production. The endogeneity test results are mixed: Two variables, COSTCITY, and MAI, seem to be able to be treated exogenously. In the first and the last column models, the exogeneity hypothesis can be rejected with test statistics of 23.8 and 28.8, respectively. The overidentifying restriction test statistics are estimated at 3.81 and 2.68. Thus, our instruments are considered to be valid in these cases.
27. The table indicates that crop production was increased by improving the market accessibility in general. Particularly, the accessibility to Moroni is essential. When all accessibility variables are included, the coefficient of COSTMORONI is only found to be significantly positive. The impact of MAI, which also essentially measures the proximity to Moroni, may be captured by the coefficient of COSTMORONI. Policy implications are clear:
The access to the primary market is critical to stimulate agricultural production in the Comoros.
28. With respect to other variables, the measured productivity impacts of labor force, improved seeds or fertilizer are inconclusive. All the coefficients are statistically insignificant. It was found that access to intermediary services is important. The coefficient of COOP is always positive: Cooperatives play an important role to collect and consolidate crops that are produced. MKT also has a significantly positive coefficient. It means that farmers produced more when they had good and direct access to a large market. 29. To estimate the market sales equation, the IVTOBIT model was applied: The results are presented in Table 4 . The market accessibility variables to Moroni and a regional city are again found to be significant. The coefficient is estimated at -1.95 when COSTMORONI is only included in the equation. The coefficient is also significant at -0.95 when COSTCITY is used.
Thus, the crop sales have a higher elasticity with respect to the costs to Moroni. The statistical significance looks relatively weak when MAI is used.
30. When all three variables are included, the accessibility to Moroni remained statistically significant. In this model, the endogeneity test statistic is estimated at 20.09, which implies that the connectivity variables are likely endogenous. Thus, the result can be interpreted to mean that the connectivity to Moroni is particularly important to support agricultural market transactions. The finding may not be surprising because Moroni is the primary market in the Comoros. All the indications are that improved market accessibility can boost agricultural growth. Especially given the current distribution of population (see Figure 11 ) and agricultural production areas (Figure 14) , inter-island connectivity is an important challenge to the country. 32. Since the exogeneity hypothesis cannot be rejected in the two cases, the tobit regression was also performed ( Table 5) . The results just confirm the above findings. The accessibility to the large city in the islands has a negative and significant coefficient. 33. The IV regression on market sales shares shows similar results (Table 6) . Transport connectivity to cities is important. Of particular note, the coefficients of COSTCITY and MAI are statistically significant in this case. Market accessibility is no doubt essential to promote farmers' output market participation. In addition, it is confirmed once again that not only transport infrastructure but also transport and trade services are equally important: COOP, MKT and TRAD systematically have positive and significant coefficients. Other household characteristics do not seem to play an important role in determining households' decision to be involved in market transactions, which is also broadly consistent with the above. 
V. CONCLUSION
34. Agriculture is an important sector in Africa. However, the region's production system remains small-scale subsistence farming with few advanced inputs used with little produce sold in the market. The paper revisited the traditional transport-agricultural growth nexus.
Even if the existing literature is substantially rich, this is still an important question, particularly for small island developing states, such as the Comoros, where the domestic markets are limited, and the transport and transaction costs are often prohibitively high.
35. Using household survey data in the Comoros, the paper examined the potential impacts of transport connectivity on crop production and market sales. Different types of connectivity, i.e., within-and inter-island connectivity, were considered. By the value chain analysis, first, it was found that in the country, there are significant price differentials among the islands, indicating disconnection among the regional economies in the country. In addition, the differences were found to be attributed largely to high inland and maritime transport costs.
36. More formally, second, regression analysis was carried out. The results indicate that significant untapped economic potential exists in the domestic market. The accessibility to
Moroni, the primary market in the country, was found to be of particular importance, indicating the importance of inter-island connectivity among the islands. The crop production can be increased by reducing the transport costs to Moroni or improving the market accessibility in general. The connectivity to Moroni is also essential to encourage farmers to participate in market transactions, stimulating agricultural market sales.
37. The estimation results also show that not only transport infrastructure but also transport and trade services are important. The accessibility to intermediary services, such as cooperatives and collectors, plays an important role to increase crop production and market sales. Thus, it is important to not only invest in transport infrastructure but also promote private sector development in the transport and/or agrobusiness industries.
